Oxidative stress is one of the key phenomena behind the most common types of chronic diseases. Therefore, the modulation of oxidative stress is an interesting target for acting either through prevention or as a therapeutic approach. In this work, a Portuguese variety of cherry (Saco Cherry) was processed in order to obtain a potent in vitro antioxidant phenolic-rich extract (Ch-PRE), which was further explored to evaluate its potential application as nutraceutical agent against cellular oxidative stress damage. Ch-PRE was mainly composed of anthocyanins, particularly cyanidin-3-rutinoside, cyanidin-3-glucoside, peonidin-3-glucoside and neochlorogenic acid, and exhibited a potent chemical antioxidant activity expressed by its oxygen radical absorbance capacity (ORAC) and hydroxyl radical averting capacity (HORAC) values. Ch-PRE also displayed effective intracellular radical scavenging properties in intestinal epithelial and neuronal cells challenged with oxidative stress but showed a different order of effectiveness regarding the modulation of endogenous antioxidant system. Ch-PRE could be an attractive candidate to formulate an agent for the prevention of oxidative stress-induced disorders such as intestinal inflammation disorders or with an appropriated delivery system for neurodegenerative diseases.
Introduction
Oxidative stress is characterized by an unbalance in reactive oxygen species (ROS) production and the antioxidant defense system that leads to an intracellular accumulation of these harmful radicals [1] [2] [3] . Consequently, important cellular biomolecules such as proteins, lipids and DNA are damaged by ROS leading to a deficient or complete loss of function of these molecules with deleterious consequences [2] . In this context, oxidative stress is pointed as an important and common mechanism underlying most known types of chronic and degenerative diseases such as diabetes, cardiovascular diseases, chronic intestinal inflammation, cancer and neurodegenerative disorders.
Results and Discussion
A phenolic-rich fraction (Ch-PRE) was prepared, from non-marketed Saco cultivar cherries aiming at developing added-value ingredients against oxidative stress. A two-step separation process was applied: first step encompasses a solid-liquid extraction with a 1:1 mixture of ethanol:water followed by an adsorption process performed in batch mode with a macroporous resin Amberlite ® XAD-16. The adsorption step allows the isolation of the phenolic fraction from the remaining constituents, like terpenes and fibers. The (poly)phenolic fraction of hydro-alcoholic extract was adsorbed on the polymeric resin and the majority of other constituents such as carbohydrates, organic acids and minerals were discharged on supernatant. The resulting extract, the desorbed fraction (Ch-PRE), were further evaluated in terms of (poly)phenolic composition and antioxidant capacity using non-cellular and cell-based assays.
Characterization of Ch-PRE
Ch-PRE was characterized for phenolic composition using chromatographic techniques in tandem with diode array and electrochemical detectors ( Figure 1 ). Results showed that, in the end of the process, Ch-PRE contained approximately 50% (w/w) of (poly)phenols (456.9˘13.8 mg of gallic acid equivalents per g of dry extract-mg GAE¨g´1 dw) representing a~45-fold increase compared to (poly)phenolic content of the cherries hydro-alcoholic extract (data not shown). The main compounds present in Ch-PRE are anthocyanins (153.94 mg cyanidin-3-rutinoside equivalents g´1 dw), particularly cyanidin-3-rutinoside, cyanidin-3-glucoside, and peonidin-3-glucoside and neochlorogenic acid, a phenolic acid (Figure 1 A, Tables 1 and 2 ). The presence of other phenolic acids and flavonoids such as chlorogenic acid, catechin, procyanidin B2, rutin, quercetin-3-glucoside and kaempferol-3-glucoside, was also detected ( Figure 1A and Table 1 ). These compounds have already been identified in several sweet cherries cultivars by Serra and co-workers [13] and their concentration are up to 30-fold lower than in Ch-PRE. 2 Quantification experiments were performed in the HPLC-DAD-ED equipment, and conditions of analysis were as described in the Experimental Section; * Tentatively identified without using standards. Table 2 . Anthocyanins identified on Ch-PRE. Peak assignment accordingly profile in Figure 1A , retention time (RT). Compound identified and quantified by HPLC-DAD-ED using standards. Sakuranin and its glycoside derivate isosakuranetin were also identified in Ch-PRE by MS/MS (Table 1) . These two compounds have already been identified in Saco cherry's extracts obtained by supercritical carbon dioxide and pressurized liquid extraction [18] . The three main anthocyanins were identified and quantified by HPLC-DAD-ED using standards (Table 2) .
Peak
Antioxidant activity of Ch-PRE was first evaluated using two different but complementary in vitro chemical assays: ORAC assay measures peroxyl radical scavenging capacity and HORAC assay primarily reflects a capacity against hydrophilic chain-breaking hydroxyl radicals. Ch-PRE possesses a high ability to scavenge peroxyl radicals (expressed by ORAC value: 7611 ± 213 μmol TEAC g −1 ·dw) as well as in inhibiting hydroxyl radical formation (expressed by HORAC value: 6874 ± 584 μmol CAEAC g −1 ·dw). It is important to note that ORAC of Ch-PRE is about two-fold higher than Vitamin Figure 1 . Chromatographic profiles of Ch-PRE (A1) High Performance Liquid Chromatography coupled with a diode-array detector (HPLC-DAD) profile at 280 nm; (A2) HPLC-DAD profile at 527 nm; and (B) HPLC coupled with a DAD and electrochemical detector (ED) (HPLC-DAD-ED). Legend: 1-Neochlorogenic acid, 2-Catechin, 3-Chlorogenic acid, 4-Procyanidin B2, 5-Cyanidin-3-glucoside, 6-Cyanidin-3-rutinoside, 7-Peonidin-3-glucoside, 8-Quercetin-3-rutinoside, 9-Quercetin-3-glucoside, 10-Kaempferol-3-glucoside, 11-Sakuranin, 12-Isosakuranetin.
Sakuranin and its glycoside derivate isosakuranetin were also identified in Ch-PRE by MS/MS (Table 1) . These two compounds have already been identified in Saco cherry's extracts obtained by supercritical carbon dioxide and pressurized liquid extraction [18] . The three main anthocyanins were identified and quantified by HPLC-DAD-ED using standards (Table 2) .
Antioxidant activity of Ch-PRE was first evaluated using two different but complementary in vitro chemical assays: ORAC assay measures peroxyl radical scavenging capacity and HORAC assay primarily reflects a capacity against hydrophilic chain-breaking hydroxyl radicals. Ch-PRE possesses a high ability to scavenge peroxyl radicals (expressed by ORAC value: 7611˘213 µmol TEAC g´1¨dw) as well as in inhibiting hydroxyl radical formation (expressed by HORAC value: 6874˘584 µmol CAEAC g´1¨dw). It is important to note that ORAC of Ch-PRE is about two-fold higher than Vitamin C (3220˘312 µmol TEAC g´1¨dw) [26] a well know antioxidant compound. The high HORAC value determined for Ch-PRE, comparing with other (poly)phenols-rich extracts, in particular cactus pear and apple extracts [24, 25] , may be a result of its high content in both anthocyanins and neochlorogenic acid. Anthocyanins are known to protect against the formation of both types of radicals (peroxyl and hydroxyl). The scavenge capacity is due to their ability to donate a hydrogen atom from an aromatic hydroxyl group to a free radical and their singular molecular structure allows the chelation of metal ions involved in Fenton or Fenton-like reactions reducing the hydroxyl radicals formation [12, 14] . Moreover, the phenolic compounds identified in our study have already been described as potent active antioxidant species present in cherries; Piccolella and collaborators [27] shows that flavonoids like catechin, anthocyanins as well as hydroxycinnamic acids, such as chlorogenic and neochlorogenic acid, are the most active compounds in scavenging free radicals in sour cherries. Electrochemical detection (ED) is recognized as an important tool to study and identify compounds with antioxidant activity [13, 28] . Peaks detected by the electrochemical detector correspond to reactive species with strong capacity to donate electrons [28, 29] . Therefore, a positive relation between ED peaks and the antioxidant properties of the extract is likely to be found. Herein, the ED spectrum of Ch-PRE ( Figure 1B ) was performed and all identified compounds (Figure 1) , with the exception of isosakuranetin which is present in low concentration, were also detected in the electrochemical spectrum, highlighting the antioxidant profile of this extract.
Protective Effect of Ch-PRE in Human Intestinal Epithelial Cells
Caco-2 cells are a suitable model of intestinal epithelium, since after differentiation, it forms a monolayer that mimics several characteristics of intestinal epithelial cells (IECs). It reproduces the main features such as defined tight junctions between cells, formation of microvillus at the apical cell surface and expression of many brush-border proteins including digestive enzymes, transporters and receptors [30] . In our study, the protective effect of Ch-PRE against oxidative stress at intestinal level was then evaluated using this human cell-based model of IECs. The cytotoxicity of Ch-PRE extracts in IECs was evaluated by testing a range of concentrations during 48 h. Cellular viability was not affected by the exposure to Ch-PRE (data not shown) and the concentration of 50 µg GAE¨mL´1 was selected to be used in all subsequent assays. This Ch-PRE concentration was chosen since this is a predictable physiological concentration of (poly)phenols reaching intestine after digestion [31] .
Biomarkers of oxidative stress were assessed for evaluation of Ch-PRE bioactivity: ROS production; glutathione homeostasis and proteins carbonyl content (Figure 2 ). The assessment of these biomarkers was performed upon oxidative stress induction by H 2 O 2 and through the evaluation of two different relevant physiological conditions, pre-and co-incubation of Ch-PRE with stress inducer. In this stress condition (10 mM H 2 O 2 , 1 h), cell viability is not affected, although ROS levels are boosted. In fact, none of the conditions (stress; pre-incubation of Ch-PRE and stress; stress; and co-incubation with Ch-PRE) affect significantly cellular viability (Figure 2A ). The pre-incubation intends to mimic the preventive action of Ch-PRE when administrated regularly as an oral supplement. The co-incubation intends to simulate a therapeutic approach (with manifest disease).
The effectiveness of Ch-PRE in the reduction of intracellular ROS production was assessed after treatment with H 2 O 2 . The formation of intracellular ROS was monitored using the probe, DCFH-DA. Ch-PRE demonstrated to be able to significantly inhibit the formation or directly scavenge ROS-induced radicals (H 2 O 2´i nduced) in both treatments applied ( Figure 2B ).
Indeed, Ch-PRE was more effective in the co-incubation approach (p < 0.001 relative to stress cells). This observation may be related with Ch-PRE anthocyanins content. Despite anthocyanins are able to counteract hydroxyl radicals, those compounds are poorly internalized by Caco-2 monolayer [32] . If anthocyanins, the major (poly)phenolic fraction present in Ch-PRE, are not taken up by intestinal epithelial cells, their contribution for ROS inhibition in pre-incubation should not be significant. In this case, the cellular antioxidant protection would be carried out more exhaustively by phenolic compounds with low molecular weight, such as neochlorogenic acid, that would be internalized by cells [33] [34] [35] [36] . In contrast, in co-incubation treatment, anthocyanins are contemporarily with oxidative stress inducers and would act as extracellular free radical-scavenger or metal chelator, explaining the observed differences between treatments (p < 0.001).
We have previously shown that phenolic compounds with low molecular weight, catechin, chlorogenic acid and quercetin-3-rutinoside, had a positive correlation with inhibition of hydroxyl radical formation in Caco-2 cells after pre-or co-incubation with organic solvent-extracts of several cherries cultivars [13] . Moreover, in the same study, neochlorogenic acid and anthocyanins had a positive correlation in oxidative stress inhibition in co-incubation treatment [13] .
The same significant difference (p < 0.001) between pre-and co-incubation treatment with Ch-PRE was also observed for protein oxidation alterations ( Figure 2C ). Protein carbonyls are a biological marker of oxidative stress and can be measured by the formation of carbonyl proteins [37] . The co-incubation of Ch-PRE with the stress inducer, when compared with non-stressed cells, causes a total attenuation in the production of protein carbonyls (p < 0.001) while the pre-incubation only reduce to some extend the oxidized proteins (p < 0.001). Once again, the surrounding environment of the cells seems to play a role in the cellular protection against the injuries promoted by oxidative stress. The presence on the extracellular milieu of anthocyanins and other compounds, may contribute to intestinal cellular protection through the modulation of the oxidative environment or even by further improving cellular defenses against oxidative injury.
Concerning the activity of Ch-PRE on the modulation of glutathione metabolism ( Figure 2D ) both treatments studied were able to restore GSH/GSSG ratio to the basal levels. Glutathione in its reduced form is one of the most important body's endogenous antioxidant and its modulation by (poly)phenols or other phytochemicals may be very important to protect cells against oxidative aggressions [38] . Our results suggest that modulation of GSH system by Ch-PRE compounds taken up during pre-incubation promotes an intracellular protective effect even after stress treatment. The restoring of the ratio GSH/GSSG by Ch-PRE could be achieved by the modulation of enzymes from glutathione system (e.g., increase synthesis of GSH or GSH recycling by glutathione reductase), a mechanism already described to be associated in the recovery of redox homeostasis [38, 39] .
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Concerning the activity of Ch-PRE on the modulation of glutathione metabolism ( Figure 2D ) both treatments studied were able to restore GSH/GSSG ratio to the basal levels. Glutathione in its reduced form is one of the most important body's endogenous antioxidant and its modulation by (poly)phenols or other phytochemicals may be very important to protect cells against oxidative aggressions [38] . Our results suggest that modulation of GSH system by Ch-PRE compounds taken up during pre-incubation promotes an intracellular protective effect even after stress treatment. The restoring of the ratio GSH/GSSG by Ch-PRE could be achieved by the modulation of enzymes from glutathione system (e.g., increase synthesis of GSH or GSH recycling by glutathione reductase), a mechanism already described to be associated in the recovery of redox homeostasis [38, 39] . As far as we know, this is the first time that a cherry's extract obtained using green separation processes revealed to be efficient in preventing oxidative damage on intestinal epithelial cells by modulating endogenous antioxidant system and reducing/attenuating protein oxidation. Protein oxidation is currently a suitable and accepted biomarker useful to substantiate health claims regarding antioxidant properties. Indeed, previous reports have shown that anthocyanins were able to avoid protein oxidation in similar situations but using in vitro chemical assays [40] .
Taken together, oxidative intestinal epithelial cell damage was reduced by Ch-PRE and it was observed that cherry's (poly)phenols are not only able to scavenge/inhibit ROS, protecting cells from oxidative stress, but they are also able to modulate cellular endogenous antioxidant system and regulate cell redox status at a predictable physiological concentration.
Protective Effect of Ch-PRE against Oxidative Stress in a Neurodegeneration Cell-Model
Although extracts rich in (poly)phenols may exert a positive effect in oxidative stress, not every (poly)phenols are able to cross the Blood-Brain-Barrier and reach the neuronal cells. Anthocyanins have been detected in the hippocampus but the concentrations are almost untraceable. Nonetheless, a wide range of (poly)phenols are able to reach the brain in different degrees and depending on their structure [41, 42] . Having in mind that the delivery issue can be afforded by a nutraceutical delivery formulation, the neuroprotective potential of Ch-PRE emerges as a relevant question.
SK-N-MC cells challenged with H 2 O 2 for 24 h were used as neurodegeneration cell model. The exposure to low concentrations of H 2 O 2 induces changes in cell metabolism leading to cell death, reproducing what may occur during neurodegenerative process [43] . The reactive oxygen species generated during a H 2 O 2 exposure are related with ageing associated diseases [44, 45] . Neuronal cells were treated with 300 µM H 2 O 2 for 24 h, which reduced cell viability to around 50% as previously described in SK-N-MC cells by a flow cytometry analysis [46] and confirmed in this work in the viability test.
Previously, a cytotoxicity assay was conducted in order to determine the Ch-PRE not-toxic concentrations range to perform the neuroprotective assay. Concentrations ranging from 0 to 250 µg GAE¨mL´1 were tested, and below 16 µg GAE¨mL´1 there was no significant alteration in cell viability. Ch-PRE non-toxic concentrations (0.25, 0.5, and 1.0 µg GAE¨mL´1) were selected since these levels are near the physiological concentrations As a pre-incubation treatment was performed, these results suggest that Ch-PRE contains phytochemical compounds that could be uptake by cells or fixed on cell membranes, with potential to be explored in a neuroprotection perspective. However, the mechanism(s) by which those metabolites exert a beneficial effect are unknown. Therefore, to better understand possible mechanisms behind the neuroprotection detected, some cellular present in human plasma (0-4 µM) [46] . Moreover it is described that (poly)phenols are able to reach the brain in lower concentrations [47] .
Using the non-toxic concentrations of Ch-PRE, the neuroprotective capacity after incubation during 24 h, to mimic a daily dose administered, was evaluated by monitoring cell viability ( Figure 3A) . Interestingly a dose-dependent effect was observed, although there is not a complete rescue of cell viability after pre-incubation with Ch-PRE, a clear neuroprotection with Ch-PRE was observed at the highest tested concentration (1.0 µg GAE¨mL´1). As a pre-incubation treatment was performed, these results suggest Ch-PRE contains phytochemical compounds that could be taken up by cells redox mechanisms were studied. The concentration that shows a higher neuroprotective effect (1 µg GAE¨mL´1) was further assessed for intracellular antioxidant capacity in SK-N-MC cells.
The intracellular ROS levels were monitored ( Figure 3B ) in a complete different assay with cells challenged with H 2 O 2 for only 30 min. In this situation cell viability was not affected although ROS levels increased. Two different times of Ch-PRE pre-incubation, 2 h ( Figure 3B1 ) and 24 h (Figure 3B2 ), were performed to cover different time events. Within 2 h, direct scavenging effects from Ch-PRE can be determined, and at 24 h, indirect scavenging resulting from activation/modulation of other molecular mechanisms can be assessed. We assume that in a timescale of 2 h we can only detect an effect through scavenging properties of the polyphenols (direct effect) and when assessing the effect after 24 h of incubation other indirect mechanisms such as modulation of thiol-containing molecules (such as glutathione), ROS-inactivating enzymes or phase II detoxifying enzymes could be depicted [43] .
In the absence of the oxidative stress, Ch-PRE incubation does not affect ROS levels ( Figure 3B ). When cells were challenged with a mild stress of 300 µM for 30 min, a significant increase on intracellular ROS was observed (100% relative to control without stress, Figure 3B ) without promoting cell death. This effect was already described in a previous work, where cell membrane integrity was monitored by flow cytometry with propidium iodide [46] . Interestingly, a 2 h pre-incubation with Ch-PRE significantly reduced the intracellular ROS accumulation (p < 0.001), maintaining ROS balance at basal level. This effect is not detected at 24 h of Ch-PRE pre-treatment suggesting a possible preventive role of Ch-PRE against oxidative stress mediated by activities related with direct ROS production/scavenging ( Figure 3B ) and not particularly due to modulation of other antioxidant endogenous mechanisms. incubation other indirect mechanisms such as modulation of thiol-containing molecules (such as glutathione), ROS-inactivating enzymes or phase II detoxifying enzymes could be depicted [43] . In the absence of the oxidative stress, Ch-PRE incubation does not affect ROS levels ( Figure 3B ). When cells were challenged with a mild stress of 300 μM for 30 min, a significant increase on intracellular ROS was observed (100% relative to control without stress, Figure 3B ) without promoting cell death. This effect was already described in a previous work, where cell membrane integrity was monitored by flow cytometry with propidium iodide [46] . Interestingly, a 2 h pre-incubation with Ch-PRE significantly reduced the intracellular ROS accumulation (p < 0.001), maintaining ROS balance at basal level. This effect is not detected at 24 h of Ch-PRE pre-treatment suggesting a possible preventive role of Ch-PRE against oxidative stress mediated by activities related with direct ROS production/scavenging ( Figure 3B ) and not particularly due to modulation of other antioxidant endogenous mechanisms. These results are in agreement with previous work on various flavonoids (e.g., naringenin, nobiletin, luteolin, and quercetin) and their role on the molecular mechanism involved in neuroprotection as neuronal oxidative stress [48, 49] . Moreover, anthocyanins, the main components of Ch-PRE, are reported as neuroprotective agents due to their direct antioxidant (scavenging) activity [50] but also by their ability to modulate transcription factors, gene expression, intracellular cell signaling, and also by their capacity to regulate the protein degradation [51] . More recently, cyanidin-3-O-glucoside, isolated and purified from tart cherries displayed neuroprotective properties against permanent middle cerebral artery occlusion [52] . The authors concluded that this protection is mediated in part by blocking the apoptosis-inducing factor release from mitochondria under oxidative stress [52] .
In summary, the 2 h pre-treatment with Ch-PRE effectively alleviated oxidative stress in SK-N-MC cells caused by H2O2-induced injury, turning this extract attractive to be formulated and delivered to the brain in more complex interventions for neural disorders. However, further studies are necessary to deeply understand the mechanisms, doses and role of each Ch-PRE compound on neuroprotective activity (structure-activity relationship). These results are in agreement with previous work on various flavonoids (e.g., naringenin, nobiletin, luteolin, and quercetin) and their role on the molecular mechanism involved in neuroprotection as neuronal oxidative stress [48, 49] . Moreover, anthocyanins, the main components of Ch-PRE, are reported as neuroprotective agents due to their direct antioxidant (scavenging) activity [50] but also by their ability to modulate transcription factors, gene expression, intracellular cell signaling, and also by their capacity to regulate the protein degradation [51] . More recently, cyanidin-3-O-glucoside, isolated and purified from tart cherries displayed neuroprotective properties against permanent middle cerebral artery occlusion [52] . The authors concluded that this protection is mediated in part by blocking the apoptosis-inducing factor release from mitochondria under oxidative stress [52] .
In summary, the 2 h pre-treatment with Ch-PRE effectively alleviated oxidative stress in SK-N-MC cells caused by H 2 O 2 -induced injury, turning this extract attractive to be formulated and delivered to the brain in more complex interventions for neural disorders. However, further studies are necessary to deeply understand the mechanisms, doses and role of each Ch-PRE compound on neuroprotective activity (structure-activity relationship).
The beneficial effect of some isolated phytochemicals was described as achieved through the increment of antioxidant enzymes or protein chaperons as well as through the hormetic pathways [53] . Therefore, these molecular targets should be a goal for future studies into the neuroprotection mediated by Ch-PRE and its main constituents.
Experimental Section

Reagents
Methanol, 2 1 ,2 1 -azobis (2-amidinopropane) dihydrochloride (AAPH), 2 1 ,7 1 -dichlorofluorescein diacetate (DCFH-DA), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), caffeic acid,˘98% catechin, gallic acid, phosphate buffer saline (PBS), sodium chloride (NaCl), 3,3 1 ,5,5 1 -tetramethylbenzidine (TMB), hydrogen peroxide (H 2 O 2 ), Amberlite ® XAD 16, sodium hydroxide (NaOH), sodium dodecyl sulfate (SDS), 2,4-dinitrophenylhydrazine (DNPH), Cobalte (II) fluoride (CoF 2 ), GSH and GSSG standards, orthophthalaldehyde (OPA), Cell Lytic™ M, protease inhibitor cocktail and rabbit anti-DNPH antibody were purchased from Sigma-Aldrich (St. Quentin Fallavier, France), Disodium fluorescein was obtained from TCI Europe (Antwerp, Belgium), Ferrous sulphate (FeSO 4 ) was from Merck (Darmstadt, Germany), Folin reagent and hydrochloric acid (HCl) were from Panreac (Barcelona, Spain). CellTiter 96 ® AQueous One Solution Cell Proliferation Assay was obtained from Promega (San Luis Obispo, CA, USA), and donkey anti-rabbit IgG HRP-labeled secondary antibody were obtained from Rockland (Gilbertsville, PA, USA). All cell culture media and supplements were obtained from Invitrogen (Gibco, Invitrogen Corporation, Paisley, UK).
Phenolic standards used were: neochlorogenic and chlorogenic acid, catechin, cyanidin-3-glucoside, cyanidin-3-rutinoside, peonidin-3-glucoside, procyanidin B2, quercetin-3-rutinoside, quercetin 3-O-glucoside and kaempferol-3-glucoside all from Extrasynthèse (Genay, France). Ultra-pure water (18.2 MΩ¨cm) was obtained from a Millipore-Direct Q3 UV system (Millipore, Billerica, MA, USA).
Raw Material
Cherries of Saco cultivar were collected at Cova da Beira, Portugal, between May and June 2008 and stored at´18˝C. Raw material used in all extractions was obtained from whole fruit with seeds and stalks. Firstly, raw material was crushed in a domestic knife mill (UFESA, Lisbon, Portugal) followed by dehydration in a freeze drier (Freeze Dryer Modulyo, Edwards, UK) at´40˝C, in the absence of light. After 72 h, the raw material was milled in a grinder (Braun, KSM 2, Kronberg, Germany) and stored at´18˝C until the day of the experiment. Ch-PRE was prepared from the solvent cherry extract, performing a static adsorption process using a macroporous resin as previously reported by Serra et al., 2013 [23] . Taking into account the molecular weight and polarity of targeted compounds, the food grade macroporous resin, Amberlite ® XAD-16 was selected as adsorbent.
Phytochemical and Antioxidant Characterization
Total Phenolic Content
Total concentration of phenolic compounds present in Ch-PRE was determined according to the Folin-Ciocalteau colorimetric method [54] , as previously adapted by Serra et al. [13] . Results were expressed as means of triplicates˘SD (mg of gallic acid equivalents per g of dry extract-mg GAE¨g´1 dry extract). All the compounds were quantified using standard solutions at different concentrations and results were expressed as mg¨g´1 dw. Quantification of compounds was obtained using calibration curves of the available standards. At least seven concentration curves, ranging from 0.5 to 15 ppm were constructed from analytical standards, and each concentration point was injected in triplicate. Standard curves were all linear within the concentration range and linearity was ensured as R 2 0.97-1.000. It was estimated an error around 5%-6% in compounds quantification.
LC-MS/MS: An Alliance HPLC system (Waters 2695 Separation Module, Waters ® , Milford, MA, USA) comprising a HPLC pump, photodiode array detector (DAD, Waters 2996) scanning from 210 to 600 nm and an autosampler cooled at 10˝C (Waters). Separations were carried out using a 100ˆ2.0 mm i.d., 2.5 µm RP-18 column (Synergy, Max-RP from Phenomenex, Torrance, CA, USA), maintained at 35˝C. For chromatographic separation formic acid p.a. in Milli-Q ® water (0.5%) (Eluent A) and acetonitrile MS gradient grade (Eluent B) were used as the mobile phases at a flow rate of 0.3 mL¨min´1. The elution program, was from 99% eluent A until 98% during the first 10 min; 5 min of isocratic elution with 98% of eluent A, a linear gradient during 72 min from 98% until 70% of eluent A. The injection volume was 10 µL. A mass spectrometer (MS/MS) Micromass Quattro Micro API, Waters ® ) with a Triple Quadrupole (TQ) and an electrospray ion source (ESI) operating in negative mode was used (Waters). Analyses were carried out using full scan from m/z 100 to 1000. Source temperature was 120˝C and desolvation temperature was 350˝C. Cone gas flow and desolvation gas flow were 50 and 750 L/Hr respectively. Different collision energy values were used in order to obtain fragmentation spectra of detect fragment ions. Argon was used as collision gas. The capillary voltage was 3.0 kV and cone voltage 30 V. MassLynx software (version 4.1, Waters ® ) was used to control and acquire data.
Oxygen Radical Absorbance Capacity (ORAC)
Peroxyl radical scavenging capacity was determined by the ORAC method. The assay was carried out by following method of Huang et al. [55] modified for the FL800 microplate reader (BioTek Instruments, Winooski, VT, USA), as described by Feliciano et al. [29] . This assay measured the ability of the antioxidant species in the sample to inhibit the oxidation of disodium fluorescein (FL) catalysed
Determination of Protein Carbonyl Content on Intestinal Epithelial Cells
Caco-2 cells were seeded in 6-well plate at a density of 1.0ˆ10 5 cells/well and cultured in standard medium (RPMI-1640 supplemented with 2 mM glutamine, 10% (v/v) FBS and 1% penicillin-streptomycin) during 21 days to obtain fully differentiated cells. Cells were washed with PBS and pre-incubated with Ch-PRE (50 µg GAE¨mL´1) diluted in PBS for 1 h (except in control wells that were incubated only with PBS). Then, Ch-PRE were removed and 10 mM of H 2 O 2 (stress inductor) was added, except to control well (without Ch-PRE and without stress inducer) for 1 h. In co-incubation assay, 50 µg GAE¨mL´1 of Ch-PRE and 10 mM of H 2 O 2 were added simultaneously for 1 h. The media was removed and 200 µL of Cell Lytic™ supplemented with a proteases inhibitor cocktail was added for 5 min. Cells were removed by scrapping and centrifuged at 14,000 g, for 10 min at 4˝C (Hettich Zentrifugen MIKRO 220R, Hettich, Tuttlingen, Germany) and supernatants were freeze at´80˝C until proteins carbonyl determination.
Carbonylated proteins were determinate according to Ramful et al. [57] with slight modifications previously reported [24] . Experiments were done in triplicate and results are expressed as a percentage of the absorbance compared to control cells.
Glutathione (GSH) and Glutathione Disulfide (GSSG) Quantification on Intestinal Epithelial Cells
For GSH and GSSG quantification, Caco-2 cells were seeded in 6-well plates as mentioned above on Section 3.7.3. The media was removed and cells were detached by adding trypsin followed by inactivation with cell medium and centrifugation at 14,000 g, for 10 min at 4˝C (Hettich Zentrifugen MIKRO 220R). Cells were resuspended in PBS and centrifuged at 14,000 g, for 10 min at 4˝C (Hettich Zentrifugen MIKRO 220R).
GSH and GSSG quantification assay was based on a previously reported method [58] as adapted by Tavares et al. [46] .
Evaluation of Neuroprotective Effect
To evaluate the neuroprotective activity of Ch-PRE, a neurodegeneration cell model was used as described by Tavares et al. [46] . SK-N-MC cells were treated with H 2 O 2 to induce approximately 50% of cell death [46] . Briefly, cells were seeded at 2.5ˆ10 4 cells per well. After 24 h of growth, the medium was removed and the cells were washed with PBS. Cells were pre-incubated with non-toxic concentrations of Ch-PRE extract for 24 h. Cells were washed again with PBS and medium was replaced by medium containing 0.5% (v/v) FBS and 300 µM H 2 O 2 for 24 h. Cell viability was monitored with CellTiter-Blue ® Reagent accordingly to instructions and as previously described by Tavares et al. [46] .
Statistical Analysis
All data are expressed as means˘standard deviation (SD) and individual experiments were performed at least in triplicate. The statistical analysis was completed using SigmaStat 3.0 ® software (3.0 version, Systat Software Inc., San Jose, CA, USA). All values were tested for normal distribution and equal variance. When homogeneous variances were confirmed, data were analyzed by One Way Analysis of Variance (ANOVA) coupled with the post-hoc Tukey test to identify means with significant differences. Paired comparisons were done by t-tests.
Conclusions
In this study, the antioxidant properties of a cherry extract (Ch-PRE) derived from fruit surpluses (wastes) was investigated using two different human cell lines: intestinal epithelial cells (Caco-2 cells) and a neuronal cells (SK-N-MC cells). Results showed that by using a combination of a green solid-liquid extraction and a static adsorption process with food grade macroporous resins it was possible to obtain a poly(phenolic)-rich extract with high ORAC and HORAC value. The main antioxidant compounds identified included neochlorogenic acid, quercetin-3-rutinoside and anthocyanins, namely cyanidin-3-glucoside. At a cellular level, Ch-PRE demonstrated to be effective in reducing intracellular ROS production in both human cell lines. Additionally, in the intestinal cell model, cherry extract seems to be involved in modulation of endogenous antioxidant system and reduction/prevention of protein oxidation. In the neuronal cell model, cherry extract is effective in preventing cell death induced by oxidative stress. Altogether, the results obtained suggest that Ch-PRE is an attractive candidate to be applied and formulated as a high added value ingredient, such as a nutraceutical agent, for the prevention of oxidative stress-induced disorders such as intestinal inflammation disorders or, with an appropriate delivery system, for neurodegenerative diseases. However, further studies are required in order to deeply understand the mechanisms, doses and role of each Ch-PRE compound on specific disorders biomarkers.
